Evolution, functional divergence and conserved exon-intron structure of bHLH/PAS gene family.
bHLH/PAS genes encode a family of basic helix-loop-helix (bHLH) transcription factors with bHLH, PAS and PAS_3 domain. bHLH/PAS genes are involved in many essential physiological and developmental processes, such as hypoxic response neural development, the circadian clock, and learning ability. Despite their important functions, the origin and evolution of this bHLH/PAS gene family has yet to be elucidated. In this study, we aim to explore the origin, evolution, gene structure conservation of this gene family and provide a model to analyze the evolution of other gene families. Our results show that genes of the bHLH/PAS family only exist in metazoans. They may have originated from the common ancestor of metazoans and expanded into vertebrates. We identified bHLH/PAS genes in more than ten species representing the main lineages and constructed the phylogenetic trees (Beyasian, ML and NJ) to classify them into three groups. The exon-intron structure analysis revealed that a relatively conserved "1001-0210" eight-exon structure exists in most groups and lineages. In addition, we found the exon fusion pattern in several groups in this conserved eight-exon structure. Further analysis indicated that bHLH/PAS protein paralogs evolved from several gene duplication events followed by functional divergence and purifying selection. We presented a phylogenetic model to describe the evolutionary history of the exon structures of bHLH/PAS genes. Taken together, our study revealed the evolutionary model, functional divergence and gene structure conservation of bHLH/PAS genes. These findings provide clues for the functional and evolutionary mechanism of bHLH/PAS genes.